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   Abstract: The eigenperiods of torsional oscillation of the earth are inverted into 
shear wave velocity, density, and Q structures on the constraints for the mass and the 
moment of inertia of the earth. A resulting model has 40 km thick upper mantle 
lithospheric lid terminating at 85 km with high density (3.50  g/cm3) and high velocity 
(4.75  km/sec) for shear wave. The low velocity zone is seen in the inverted earth 
model irrespective of whether or not the starting velocity model has the zone. The 
low velocity zone with thickness of 225 km is resolved within the depth interval ranging 
from 85 km to 310 km. The change in the velocity-density gradient is found in the 
vicinity of depths of 410 km, 600 km, and 800 km, which are almost consistent with 
depths predicted from laboratory experiments. Q structure within the low Q zone does 
not significantly differ from that of MM8 model. High Q and low Q regions are, however, 
seen around the depths of 190 km and 410 km, respectively. A remarkable difference 
of resulting Q models from MM8 model is also seen below the depth of 500 km down 
to 1000 km, that is, Q value in this region is considerably small in comparison with 
that of MM8. The low Q in this region suppresses Q values of lower order oscillations of 
torsional mode.
1. Introduction 
   The estimation of velocity-density structure within the earth is made using the 
phase data of seismic waves, while the attenuation structure is exclusively inferred 
from the data of seismic wave amplitudes. There are many studies on estimation of 
elastic structure from the phase data of long period seismic waves (for example, 
Gilbert and Backus (1968), Derr (1969), Gilbert and Dziewonski (1975), Jordan and 
Anderson (1974), and Hart et al. (1976, 1977) ), and a number of studies were made on 
the anelastic structure based on the attenuation data for free oscillation of the earth and 
surface waves, which are informations contained in the seismic wave amplitudes 
(for example, Anderson et al. (1965), Smith (1972), Herrmann and Mitchell (1975), 
Deschamps (1977), and Anderson and Hart (1978a,  1978b)  ). 
   It was both experimentally and theoretically demonstrated that the anelasticity of 
medium causes the physical dispersion of body waves, and the importance of the 
physical dispersion has been recognized in the seismic wave studies. Although the 
physical dispersion is easily expected to affect the free oscillation eigenperiods and 
surface wave phase velocities, it has been either ignored or assumed to be negligible in 
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most surface wave and free oscillation studies. Recently, many investigators (for 
example, Liu et al. (1976), Randall (1976), and Kanamori and Anderson (1977) ) pointed 
out that the dispersion of shear wave due to anelasticity of the earth produces shifts in 
torsional oscillation eigenperiods by a few percents toward periods longer than that 
expected for perfect elastic earth. Hart et al. (1976, 1977) indicated that it is necessary 
to correct the shift due to the physical dispersion for free oscillation eigenperiods in order 
to estimate accurately the velocity-density structure within the earth. Further, they 
presented a velocity-density model by means of inversion of eigenperiod data with 
correction for the dispersion effect on the assumption of Q structure within the earth. 
Lee and Solomon (1978, 1979) inverted simultaneously surface wave phase velocity and 
attenuation data into Q structure as well as velocity-density structure. Oda (1979a) 
(hereafter called paper I) showed that the torsional oscillation eigenperiods provide 
the important information concerning anelastic structure as well as elastic structure 
within the earth. Furthermore, Oda (1979b) (hereafter called paper II) discussed on a 
method for simultaneous estimation of velocity-density-Q structure only from 
eigenperiod data. He indicated by numerical experiment that it is possible to 
estimate simultaneously Q structure as well as velocity-density structure only from 
torsional oscillation eigenperiods without correction for the shift due to physical 
dispersion. 
   It is the main purpose of this paper to estimate the structure of shear wave velocity, 
density, and Q for shear wave as functions of the distance from earth's center only 
from observed eigenperiods of torsional oscillation. The present study is based on the 
assumption that the intrinsic Q is independent of the frequency of seismic waves.
2. Data set and starting model 
   Data set used in the present study consists of the mass and the monent of inertia 
of the earth and 27 torsional oscillation eigenperiods, which are in the period range from 
300 sec to 2700 sec. Further, the eigenperiod data are of 14 fundamental modes  (0T2, 
 0T4,  0T6,  0T8,  0T10,  0T13,  0T14,  0T15,  0T16,  0T17,  0T18,  ,T„,  j„, and  0T24), 11 first higher 
modes  (1T2,  1T3,  1T4,  1T6,  1T7,  1T8,  1T9,  1T10,  1T11,  1T12, and  ,T„), and 2 second higher 
modes  (2T2 and  2T8). The adoption of these eigneperiods is made from the paper 
of Anderson and Hart (1976), and the eigenperiod data are corrupted by observational 
errors less than 0.2%. Data and errors are listed in Table 1. The oscillations of 25 
modes among 27 modes have displacements more than 10% at the depth of 1000 km in 
comparison with that at the earth's surface.  Therefore, it is considered that the 
eigenperiod data reflect mainly the earth's structure in the depth range from 0 km to 
1000 km. 
   The mass and the normalized moment of inertia of the earth are used as a constraint 
for radial variation of density within the earth. We adopted the values of the mass 
M and the normalized moment I given by  Jeffreys (1970) as 
                        M =  5.977  ±  0.006  x  1027  ,
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 I/MR2  0.33084±0.00018  , 
where R denotes the earth's radius, which is assumed to be 6731 km. 
   We adopted two kinds of starting model for inversion. When G.B.A model 
(Gutenberg Bullen A model) was used to estimate the torsional oscillation Q according 
to Eq. (3.4) in paper I, a reciprocal of torsional oscillation Q for fundamental modes 
decreases with increasing order number and takes negative value at period range 
shorter than 300 sec corresponding to 0T25. Therefore, an improvement for velocity-
density model of G.B.A model should be required. On the other hand, G.B.A model 
yields good fit to the travel time data in a short period range though the improvement 
for the model is necessary. Therefore, the difference between G.B.A model and real 
earth's structure is considered to be small. When the earth's structure is estimated 
by means of inversion of free oscillation eigenperiods according to Franklin (1970) 
and Jordan and Franklin (1971), Jordan and Anderson (1974) indicated that the 
sought structure of the earth is largely dependent on the choice of the starting model. 
Therefore, it is necessary to choose an appropriate starting model which is as close as 
possible to the real earth's structure. Since G.B.A model is considered to be 
appropriate for starting velocity-density model as mentioned above, we adopted it as 
one starting velocity-density model. G.B.A model has the low velocity zone in the 
upper mantle. It is also interesting to examine whether or not the low velocity zone 
can be found in the upper mantle by the method of simultaneous estimation of velocity-
density-Q structure. In doing this, the other starting model which has no low 
velocity zone should be used. We adopt a starting velocity-density model used in 
paper II, and this model is called IEM model. 
   We assume that the intrinsic Q for shear wave is independent of frequency of seismic 
waves. Model MM8 by Anderson et al. (1965) was proposed as the frequency-
independent Q model, and has been used in many studies to calculate the effect of 
absorption of body waves, surface waves, and earth's free oscillations. Recently, 
Anderson and Hart (1978a) indicated that neither free oscillation Q, especially for the 
lower order oscillations of spheroidal mode, nor the absorption coefficient of body waves 
calculated for MM8 model fits the observed results. Nevertheless, we use MM8 model 
as the starting Q model for shear wave because the difference between MM8 model and 
real Q structure is not considered to be so large. 
   Two kinds of combination of starting velocity-density and Q models, i.e., the 
combinations of G.B.A and MM8 and of IEM and MM8 are adopted as our starting models. 
The starting model constructed of G.B.A and MM8 yields fits to the given eigenperiod 
data with a root mean square (RMS) relative deviation of 0.7%, the other starting 
model of IEM and  M1118 fits the given data with RMS of 0.4%. These values of RMS 
imply that the constructed starting models are not so far different from the real earth's 
structure. Therefore, two starting models are considered to be appropriate for 
estimation of the earth's structure.
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3. Inversion method 
   The estimation of the earth's structure is made on shear wave velocity, density, 
and Q for shear wave as functions of distance from earth's center. The difference 
dm between starting model and actual earth's structure can be approximated as 
solution of linear equation 
 Adm+  n  =  dD  , (1) 
where dD is residual vector whose components are the differences between the observed 
and theoretical values of the data, the term of A is a linear operator whose components 
are data kernels expressed by Eq. (3. 10) in paper I, and n is noise vector corresponding 
to observational errors associated with the data. Since the linear operator A is comput-
ed for the starting model, and the residual and noise vectors are known, our problem 
results in an estimate of din in Eq. (1). Once the solution dm of Eq. (1) is obtained, a 
new earth model can be described by addition of the solution dm to the starting model. 
Because the method to solve Eq. (1) with respect to  dm was reviewed in paper  II, the 
detailed discussion on the method is omitted in this paper. 
   According to Jordan and Anderson (1974), the best linear estimate of the solution 
is expressed as 
                 dm =  C„A*  (AC  „A*  +tan 0  C.„)-idD  , (2) 
in which  A* is the transpose of matrix, A,  C„ and  C„„ are solution and noise auto-
correlation operators, respectively. If the observational errors are produced according 
to random Gaussian process with zero mean,  C„„ reduces to diagonal matrix whose i-th 
element is the variance of the i-th datum. The term of tan 0 in Eq. (2) is the 
parameter of the trade-off curve between averaging length and errors predicted for 
solution due to obervational errors. Variable 0 takes from zero to  n/2. The auto-
correlation operator  C„ acts as a filter parameterized by the mean wave number k 
introduced by Jordan and Franklin (1971) in order to smooth the estimated radial 
variations of physical parameters within the earth. The specific form we use is given 
by Eq. (3, 16) in paper II, which is the same as equation derived by Jordan and 
Franklin (1971). In the case for which the starting model has the structural discon-
tinuities and for which earth model is described by several physical parameters, we 
assume that the physical parameters are uncorrelated between regions separated by 
the structural discontinuity and that the crosscorrelations among the physical para-
meters within a region are also taken to be zero. Therefore, the autocorrelation 
operator of the solution is expressed by 
 C,, =  (C,," ,  C„PCSSQ)(3) 
in which  C,,"  C„P, and  C  „Q are autocorrelation operators for the solutions of velocity, 
density, and Q  for shear wave, respectively. Furthermore, these autocorrelation 
operators reduce to block-diagonal matrices separated by the structural discontinuities. 
The autocorrelation operators for the physical parameters in each block have different
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mean wave numbers. The inversion is made neither on velocity-density structure with-
in the crust and the core, nor on Q structure for shear wave within the the crust and 
below the depth of 1000 km because the resolution for Q structure below the depth is 
expected to be poor and the physical dispersion of shear wave is not considered to be 
significant because of high Q values.
4. Inversion results 
   The inversion was made for two kinds of starting models; one was made of MM8 
and G.B.A., which has the low velocity zone in the upper mantle, and the other is 
made of MM8 and IEM, which has not the zone. Let the inversions of the former and 
the latter be Inverse I and Inverse II, respectively. 
   The model obtained in Inverse I is illustrated in Figs. 1 and 2 which show velocity-
density and Q models, respectively. These velocity-density and Q models are named 
as to be model El and  Q1. The torsional oscillation eigenperiods computed for 
a new earth model made of  El and  Q1 are illustrated in the fourth column of Table 1. 
The comparison of the computed and observed values of eigenperiods reveals that the 
new earth model yields a good fit of the theoretical values to the observations with RMS 
of 0.06% as a whole, RMS for fundamental modes and first higher modes being 0.05% 
and 0.06%, respectively. Since its RMS was 0.7%, the starting model is considered to 
be improved enough. It is important that the fitenss of the theoretical eigenperiods 
for fundamental modes to the observations is good, because eigenperiods of the 
fundamental modes are most accurately measured. The torsional oscillation Q for the 
new earth model is compared in Fig. 3 with those measured by several techniques for Q 
measurements. The usual technique in surface wave analysis is to measure the spectral 
amplitude decay with distance between two stations along the same great circle
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Fig. 2. Illustration of  Ql,
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MM8 and SLI models.
pass or at one station using multiple surface waves (e.g. Ben-Menahem (1965) ). Free 
oscillation Q's are measured from the temporal decay of spectral peaks (Smith (1972)  ) 
or peak half widths (Ness et al. (1961) ). Solid and open circles in the figure represent 
the computed and measured values of torsional oscillation Q, and bars are errors 
predicted for observational errors associated with the data. It is seen in the figure that 
the computed Q values agree fairly well with the observed ones within accuracy of the 
error bar. 
   Model El is illustrated in Fig.  1 together with G.B.A used as starting velocity-
density model. The figure shows that the shear wave velocity of  El model is larger 
than that of G.B.A model in the depth interval from 38 km to 1000 km, the difference 
in velocity being about 0.2  km/sec in the depth ranging from 85 km to 190 km , 
which corresponds to the low velocity zone of G.B.A model. Since the error of the 
estimated velocity due to observational errors is determined to be ±0 .08 km/sec at the 
depth of 190 km, the difference of 0.2 km/sec is meaningful. The velocity difference 
between G.B.A and  El models is estimated to be about 0.1 km/sec in depths between 
410 km and 1000 km. The velocity below depth of 1000 km is almost the same as 
G.B.A model because the difference from G.B.A is within the error bars .
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Table 1. Fit of the models to eigenperiod data, and torsional oscillation Q(QL) calculated 
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 El model has a lithospheric lid with 40 km thickness reaching at the depth of 
85  km, where the average shear wave velocity is estimated to be 4.75 km/sec. This 
estimation can be compared with  4.79±0.07 km/sec derived from explosive data over 
long distance in the Pacific (Sutton and Walker  (1972)  ) and  4.75±0.07  km/sec for  S„ 
phase over the Australian shield (Simpson  (1973)  ). An abrupt velocity drop is seen at 
the depth of 85 km which corresponds to the top depth of the low velocity zone, 
while the bottom depth is obscured by gradual recovery of velocity. If the bottom 
depth is defined as the depth where the value of shear wave velocity is equal to that 
at the top depth, the low velocity zone extends from 85 km to 310 km. The lowest 
velocity in this zone is 4.54  km/sec at the depth of 190 km. The depth of the lowest 
velocity is almost identical with those of other continental earth models (for example  B1 
model by Jordan and Anderson (1974) and 1066A and 10668 models by Gilbert and 
Dziewonski (1975) ). However, it is deep in comparison with that of such oceanic 
earth models as  C  1 model by Anderson and Hart (1976) and of  0C1 model by Mizutani 
and Abe (1971). It seems to be general trend that the depth of the lowest velocity in 
the low velocity zone of continental earth model is deep in comparison with that of 
oceanic earth model. Although shear wave velocity varies continuously with 
increasing depth in the depth interval from 38 km to 2898 km, the careful examina-
tion of the figure reveals that the average velocity gradient takes the value of 0.004
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of El model is smaller than the of G.B.A model as a whole. This may come from a 
situation that the density distribution is assumed not to vary in the core though the 
earth's mass for G.B.A model is larger than the observed one. The change in 
average density gradient is also found in the vicinity of the depths of 410 km, 600 km, 
and 800 km, which are consistent with those where the change in average velocity 
gradient occurs. 
   Model  Q1 is illustrated in Fig. 2 together with MM8 model used as the starting Q 
 model. As reference, SL1 model, which is obtained from absorption coefficient of body 
wave amplitudes and from free oscillation Q's by Anderson and Hart (1978a), is also 
shown in the figure by chained line. The inversion for Q structure of shear wave is 
made within the depth interval from 38 km to 1000 km, because, within the crust 
and below the depth of 1000  km, the resolution for Q structure is expected to be poor 
and dispersion effect of shear wave on the eigenperiods is not so significant. There-
fore, the Q values within the crust and below 1000 km are fixed to be 450 and 750, 
respectively. In Q1 model, a low Q zone is seen in the depth ranging from 38 km to 85 
km, Q value in this zone being estimated to be from 60 to 80, which is almost the same 
as that of MM8 model. Furthermore, high Q and low Q regions are found in the 
vicinity of the depths of 190 km and 410 km. It is interesting that these depths are 
consistent with those where the change in velocity-density gradient is found. Our 
most interesting result is that Q at depths between 500 km and 1000 km is lower than 
that of MM8. This is also seen in SL1 model derived by Anderson and Hart (1978a). 
The low Q in this region suppresses apparent Q for the lower order free oscillation, and 
produces velocity of El model greater in value than G.B.A model within the depth 
range from 410 km to 1000 km. 
   Model E2 and Q2 are derived as velocity-density and Q structures in Inverse II. 
The eigenperiod data for Inverse  II are the same as those for Inverse I. An important 
difference between Inverse I and Inverse  II is that the starting velocity model for 
Inverse II has no low velocity zone in contrast with that for Inverse I. Table 1 lists 
the eigenperiods of torsional oscillation computed for a new earth model constructed of 
E2 and Q2 models. The computed eigenperiods fit the observations with RMS of 0.06 
cy, while the fit for the starting model was 0.4%, the fit to the fundamental and first 
higher mode data being 0.05% and 0.06%, respectively. Therefore, the starting model 
is considered to have been improved significantly to satisfy the observed eigenperiod 
data. In Fig. 4, torsional oscillation Q's computed for E2 and Q2 models are 
illustrated by solid circles together with those shown by open ones for El and  Q1 models. 
Bars in the figure are permissible range of the computed torsional oscillation Q due to 
observational errors associated with eigenperiod data. It is seen in the figure that the 
torsional oscillation Q's for E2 and Q2 models are consistent with those for El and  Q1 
models within the accuracy of error bars. This suggests that the earth model derived 
in Inverse II is almost the same as that by Inverse I though a slight difference exists 
between the two models. 
   Figure 5 depicts E2 and  El models which are illustrated by solid and broken lines.
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It is seen in the figure that model E2 is almost identical with  El model as a whole. 
Average velocity of E2 model in the depth interval from 38 km to 85 km, which 
corresponds to the lithospheric lid region, takes the value of 4.58 km/sec, which is 
smaller by about 0.2  km/sec than that of  El model. This difference in average 
velocity of the lithospheric lid region comes from the difference between starting models 
for Inverse I and Inverse II. The low velocity zone is also seen in the upper part of 
the mantle, however, the existence of the low velocity zone is not so clear as that of  El 
model. Therefore, the top and bottom depths of the zone cannot be accurately 
determined because of gradual change in velocity within the zone. This may be due 
to constant velocity within the upper part of the mantle of the starting velocity model. 
However, the velocity within the depth interval from 85 km to 270 km, which 
corresponds to the low velocity zone of  El fmodel, is also the same as that of  El model. 
General feature of density distribution of E2 model, i.e., the existences of the low 
                                     density zone around the depth of 410
                                      km and of the negative gradient in 
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Fig. 6. Illustration of  Q1 and Q2 models.
r  
the same as that of  El model. There-
fore, the discussion on the density 
of E2 model is omitted. In the 
vicinity of the depths of 410 km, 
600 km, and 900 km, the change in 
average velocity-density gradient is 
also found. Figure 6 depicts Q2 and 
 Q1 models, which are illustrated by 
solid and broken lines, respectively. 
The low Q zone is seen in model Q2
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within the depth range from 38 km to 85 km, Q value in this region being almost 
the same as that of  Q1 model. Although Q2 model is seen to imply large attenuation 
in comparison with  Q1 model, general feature of Q distribution is similar to that of 
 Q1 model. As well  Q1 model, Q2 model also has high Q and low Q regions around the 
depths of 190 km and 410 km, and Q value at the depths between 500 km and 1000 
km is lower than that of MM8 model.
5. Discussions and Conclusions 
   The data set consisting of observed eigenperiod data of torsional oscillation, the 
mass and the moment of  inuti  a of the earth was inverted into shear wave velocity, 
density, and Q structures, which were assumed to be functions of the distance from 
earth's center. Intrinsic Q for shear wave was also assumed to be independent of fre-
quency of seismic waves. The velocity-density structure was estimated at depths from 
the crust-mantle boundary of 38 km to the mantle-core boundary of 2898 km. The Q 
structure was assumed to be the same as MM8 within the core and at depths below 
1000 km. 
   The lithospheric lid was found in the depth interval from 38 km to 85 km, average 
values of velocity and density in the lid being estimated to be 4.75  km/sec and 3.50 
 gicm3. respectively. Though the sought velocity structure is largely dependent on 
starting model and data, the low velocity zone was resolved in the upper mantle by 
means of simultaneous estimation of velocity, density and Q structures irrespective as 
to whether the starting velocity model has the low velocity zone or not. Therefore, 
it is concluded that the low velocity zone exists in the upper mantle. From an abrupt 
change in velocity, the top depth of the low velocity zone is estimated to be 85 km. 
Since, in the low velocity zone, recovery of velocity is more gradual than velocity 
change at the top depth, the bottom depth cannot be determined with a sufficient 
accuracy. However, if the bottom depth is defined as the depth where the value of 
shear wave velocity is equal to that at the top depth, the bottom depth is estimated to 
be 310 km. The velocity obtained by simultaneous estimation method is greater at 
depths between 38 km to 1000 km than that of G.B.A model. This comes from the 
effect of physical dispersion of shear wave due to large attenuation upon the torsional 
oscillation eigenperiods. On the other hand, velocity below 1000 km is almost the 
same as that of G.B.A model. The negative gradient of density distribution was 
found in the upper mantle, and a low density zone was resolved around the depth of 
410 km. However, the precise examination on the low density zone requires more data 
involving information about density structure than the present data. 
   It was explained by Anderson and Sammis (1970) that the low velocity zone is 
due to partial melting of mantle materials and that small amounts of water are 
required to depress the melting temperature of mantle materials. The careful examina-
tion of velocity-density variation revealed that the change in average velocity-density 
gradient are found in the vicinity of depths of 410 km, 600 km, and 800 km. The 
mantle material at depths between 38 km to 410 km has been considered from
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 laboratory experiments to consist mainly of olivine and pyroxene, whose shear wave 
 velocities are measured by Akimoto (1972) to be 3.66  km/sec for  ctMgo.,Fe,.,SiOa, 
 4.36  km/sec for  oiMg1,0Fe1,0SiO4, 5.01  km/sec for  aMg,.,Feo.,SiO4, and 4.59 km/sec 
 for  Mg0.7Fe0.3SiO3. Our estimated value of shear wave velocity in the upper mantle 
falls between 3.66  km/sec and 5.01 km/sec. The depth of  410 km corresponds to the 
so-called 400 km discontinuity at which the process of phase transition from olivine to 
modified spinel is considered to take place from laboratory experiments of solid state 
physics. The discontinuity of velocity-density gradient in the vicinity of 600 km is 
explained by post  spinel or garnet-ilmenite-prevskite phase transition . Further, 
the lower mantle material below 800 km, which corresponds to the lowest depth at 
which average velocity-density gradient changes, is considered to consist of complex 
chemical compositions. Therefore, it is concluded that the depths of 410 km, 600 km, 
and 800 km are consistent with those at which the phase transitions of materials are 
considered from laboratory experiments to take place. 
    The low Q zone was resolved in the depth interval from 38 km to 85 km by our 
simultaneous estimation method only from torsional oscillation eigenperiods, Q values 
in this zone being the same as that of MM8 model . High Q and low Q regions were found 
around depths of 190 km and 410 km, respectively. This pattern of Q distribution is 
similar to that of model MST which was derived from oscillation Q's of torsional as well 
as spheroidal modes by Deschamps (1977). The attenuation larger than MM8 exists in 
the depth interval from  500 km to 1000 km . This is also seen in SL1 model derived by 
Anderson and Hart (1978a) and is consistent with Deschamps's result that there exists 
the large dissipation below the depth of 750 km. Since model MM8 was derived from 
surface wave Q's in the period range from 50 sec to 300 sec, the Q structure estimated 
in the depth range from 500 km to 1000 km may not have high resolution ability . 
Therefore, it is convincible that attenuation from 500 km to 1000 km is different from 
MM8. The Q distribution below 1000 km was fixed to be the constant value of 750, 
because it is difficult to infer a reliable Q structure in the lower mantle because of a 
small effect of physical dispersion of shear wave and poor resolution ability . Since Q 
value in the lower mantle is expected from body wave data to be of the order of 1000, 
the assumed value of 750 below 1000 km seems to be small . In order to infer the 
detailed attenuation structure, it is desired to introduce Q data of body wave and surface 
wave as well as free oscillation into the inversion process. 
   The torsional oscillation Q computed for the earth model derived by our 
simultaneous estimation method is consistent with that estimated from spectral ratio 
of amplitudes of torsional oscillations of the earth. This suggests that even when 
we have only eigenperiod data of free oscillations the free oscillation Q can be estimated 
only from the eigenperiod data though the attenuation structure at deep depths 
cannot be estimated with a sufficient accuracy . Since it is difficult to estimate 
apparent Q for higher mode oscillations from spectral amplitude ratio because of its 
large variance, the estimation of free oscillation Q by our simultaneous estimation 
method is considered to be effective particularly for higher mode oscillations .
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